Mutations of critical amino acids affect the biological and biochemical properties of oncogenic A-Raf and Raf-1.
The catalytic domains of the Raf family of protein kinases (deltaRaf) differ in their ability to activate MEK in vitro and in vivo and in their ability to oncogenically transform mammalian cells. The kinase domain of B-Raf is more active than the equivalent portion of Raf-1 which in turn is more active than A-Raf. In Raf-1 the phosphorylation or mutation to aspartic acid of two key tyrosine residues upstream of the ATP binding site has been demonstrated to significantly potentiate catalytic activity. In A-Raf the analogous amino acids are also tyrosine whereas in B-Raf they are aspartic acid. To determine if these differences in amino acid sequence influence the relative catalytic activity of the Raf kinase domains we constructed forms of deltaA-Raf, deltaB-Raf and deltaRaf-1 that encode either aspartic acid [DD], phenylalanine [FF] or tyrosine [YY] at these positions. These proteins were expressed both in mammalian cells as fusions with the hormone binding domain of the estrogen receptor and as epitope-tagged proteins in Sf9 insect cells to test their oncogenic and catalytic potentials. When expressed in Rat1 or 3T3 cells in the presence of hormone all of the deltaRaf-1:ER and deltaA-Raf:ER proteins were transforming with the exception of the [FF] form of deltaA-Raf. In general the [DD] forms of the deltaRaf-1:ER and deltaA-Raf:ER proteins were the most potently oncogenic which correlated with their ability to elicit activation of the MAP kinase pathway. Consistent with the transformation data, the catalytic activity of the [DD] forms of deltaA-Raf:ER and deltaRaf-1:ER was about ten times greater than the cognate [FF] and [YY] forms of the proteins. By contrast all of the deltaB-Raf:ER proteins were highly transforming and deltaB-Raf catalytic activity was largely unaffected by mutation of the aforementioned aspartic acids to either tyrosine or phenylalanine. Similar results were obtained with epitope-tagged forms of deltaA-Raf, deltaB-Raf and deltaRaf-1 expressed in Sf9 cells. These data provide support for the model that key tyrosine residues in the protein kinase domains of A-Raf and Raf-1 are important in the regulation of catalytic activity. In addition they demonstrate that the higher intrinsic activity of B-Raf cannot be explained simply by the presence of aspartic acids at the analogous positions.